Background and study aims Dye-based chromoendoscopy (DBC) is the preferred method for endoscopic dysplasia surveillance in patients with inflammatory bowel disease (IBD). We sought to examine the uptake of, and perception toward DBC among academic gastroenterologists.
Introduction
The recognition that patients with inflammatory bowel disease (IBD) are at higher risk of developing colorectal cancer (CRC) relative to the general population [1 -3] has led multiple national societies to develop specific recommendations for dysplasia surveillance in this patient population [4 -7] . Central to these recommendations is the need to perform dysplasia surveillance at regular intervals (every 1 to 3 years in North American guidelines, and every 1 to 5 years in British guidelines, depending on risk), starting at 8 to 10 years following disease diagnosis in patients with extensive colonic disease, as well as taking multiple random biopsies at regular intervals throughout the colon to screen for flat undetectable neoplastic lesions [4 -6] . The past decade has also witnessed the introduction of multiple advanced image-enhanced endoscopy (IEE) modalities, such as dye-based chromoendoscopy (DBC), which have demonstrated improved dysplasia detection in patients with IBD compared with conventional approaches [8 -11] . Recognizing these merits, the latest consensus guidelines have recommended DBC as an alternate to white-light colonoscopy with multiple random biopsies for dysplasia surveillance [12, 13] .
Adherence to current recommendations and uptake of newer techniques with proven effectiveness is important to providing optimal CRC prevention in patients with IBD. Physician uptake of consensus recommendations has been shown to be poor among gastroenterologists in the United Kingdom and the United States, which may partially explain the persistently higher rate of CRC observed in this patient population [14 -16] . A recent US study further reported that a uniform apPerspectives on endoscopic surveillance of dysplasia in inflammatory bowel disease: a survey of academic gastroenterologists proach to surveillance and treatment is lacking in IBD patients [17] . To date, no studies have evaluated adherence by gastroenterologists in Canada to the current guidelines for dysplasia surveillance in IBD patients. Furthermore, access to and implementation of IEE in clinical practice has not been evaluated. The aim of this paper is to describe the uptake of these modalities by Canadian academic gastroenterologists.
Methods
A questionnaire was developed to assess the attitudes and opinions of Canadian academic gastroenterologists toward IBD surveillance guidelines and newer IEE modalities to detect colorectal dysplasia, as well as utilization, access, and barriers to newer imaging modalities. IBD specialists from various practice settings reviewed and provided input to increase the validity of the survey. A combination of contingency, matrix, and closedended questions were used. The questionnaire was administered using an online survey engine (Novi Survey; Novi Systems, Waltham, Massachusetts, USA).
We collected information about practice characteristics (years in practice, subspecialty training in IBD, and proportion of IBD patients in respondent's practice), as well as colonoscopy surveillance patterns (annual volume of dysplasia surveillance colonoscopies for IBD patients, adherence to any recent major society screening guideline, preferred screen interval, duration of colonoscopy, and number of biopsies taken per colonoscopy). We also assessed uptake of several IEE modalities, including DBC, dye-less chromoendoscopy, and confocal laser endomicroscopy. Respondents were asked to identify barriers to uptake for each of these IEE modalities. Finally, respondents were asked to rate their degree of agreement with nine statements pertaining to dysplasia screening in IBD patients.
The survey was sent by email to a directory of gastroenterologists affiliated with Canadian universities. Following the initial invitation, two subsequent reminders were sent a month apart. Before being able to access the survey, physicians were screened for suitability to participate in the study. Participants were required to be practicing physicians who had completed postgraduate training in gastroenterology and who had cared for IBD patients within the preceding 12 months. Consent was implied if participants proceeded with the survey. All data were collected anonymously.
The study protocol was approved by the Research Ethics Board at Mount Sinai Hospital, Toronto, Ontario. Statistical analyses were conducted using SPSS (v 17.0; SPSS Inc., Chicago, Illinois, USA). The frequency and distribution of the study population was determined using descriptive analyses.
Results
The SCREEN IBD survey was electronically mailed to 150 practicing academic gastroenterologists across Canada, 49 of whom completed the survey (response rate 32.7 %). All respondents met study participation criteria and their responses were included in the final analysis. Practice characteristics and colonoscopy surveillance patterns of study respondents are shown in ▶ Table 1 .
The median number of years in practice was 12 (interquartile range [IQR] = 17) and the majority of respondents completed subspecialty training in IBD (71.4 %). Twelve respondents were identified as high-volume endoscopists (defined as performing over 100 IBD dysplasia screening colonoscopies annually). The majority of respondents used a major guideline to direct their approach to dysplasia surveillance in IBD patients (71.4 %). Most respondents indicated that the preferred screening interval was every 2 -3 years (77.5 %). The median time of surveillance colonoscopy completion was 30 minutes (IQR = 20) , and the median number of biopsies performed per surveillance colonoscopy was 35 (IQR = 4.1).
▶ Table 1 Practice characteristics and colonoscopy surveillance patterns of study respondents (n = 49). The primary endoscopic dysplasia surveillance method reported was white-light colonoscopy with random colonic biopsies performed in each quadrant every 10 cm (36/49, 73.5 %). Only 13 respondents used DBC as their primary surveillance method (26.5 %). ▶ Fig. 1 shows the reported availability of IEE modalities at the respondents' institution. Compared with confocal laser endomicroscopy, both DBC and dye-less chromoendoscopy were more widely available (22.4 % vs. 61.2 % and 63.3 %, respectively). Despite the availability of DBC and dye-less chromoendoscopy, only 22.4 % and 30.6 % of respondents reported training and/or previous use of these modalities, respectively. Over half of respondents (55.1 %) believed that the adoption of DBC by their institution would improve dysplasia detection outcomes, whereas only 26.5 % and 18.4 % of respondents indicated that adoption of dye-less chromoendoscopy and confocal laser endomicroscopy, respectively, would improve detection outcomes.
Practice characteristics
Reported barriers to the adoption of IEE modalities are shown in ▶ Fig. 2 . Respondents reported the least barriers to adoption with dye-less chromoendoscopy, with 20.4 % reporting concerns about the length of the procedure, 30.6 % reporting concerns about cost, and 38.8 % reporting concerns about inadequate training. Over 40 % of respondents cited time restraints, cost, and inadequate training as barriers to adoption of DBC.
The results of the beliefs and perceptions survey are shown in ▶ Table 2 . Whereas the majority of respondents agreed that white-light endoscopy with random biopsies is an ineffective method for dysplasia surveillance in patients with IBD, there was uncertainty about the alternatives. Less than half of respondents recognized that multiple gastroenterological societies have endorsed the use of DBC as the preferred dysplasia surveillance method, and only 44.9 % agreed that multiple randomized controlled trials have demonstrated increased dysplasia detection with use of DBC. Only 26.5 % of respondents felt that patients would receive better care if novel endoscopic techniques became available at their institution. Financial constraints (42.9 %) and inadequate training opportunities (24.5 %) were identified as barriers to adoption of novel IEE modalities.
Discussion
Colonoscopy is the gold standard examination used to screen for colorectal cancer in patients without IBD. The examination relies on careful examination of the mucosa to identify visible suspicious lesion. In contrast, colonoscopy for surveillance of dysplasia in IBD has historically relied on extensive random biopsy to identify invisible lesions. Older guidelines published by the American Gastroenterological Association in 2010 recommended obtaining at least 32 random colonic biopsies [5] . Random sampling of colonic mucosa for foci of dysplasia is likely to be associated with significant sampling error, with one study estimating that 40 jumbo forceps biopsies sampled less than 0.05 % of the colonic mucosal surface area [18] . Multiple studies in patients with ulcerative colitis have further shown that only a minority of neoplastic lesions (0 to 30 % across studies) are detected via random biopsies, and that less than 0.6 % of random biopsy specimens actually identify neoplastic foci [8, 10, 11] .
Novel IEE methodologies (▶ Fig. 3 ) have been developed to address this problem. These modalities have been reviewed in detail in a recent review article [19] . The most relevant modality for patients with IBD is DBC with targeted biopsies of suspicious lesions, which has been shown to be superior to the conventional method in terms of dysplasia detection [9, 11] . A recent meta-analysis demonstrated an absolute increase in the detection of dysplasia with chromoendoscopy compared with 
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Digital techniques ▶ Fig. 3 Available image-enhanced endoscopy techniques for dysplasia surveillance in patients with inflammatory bowel disease.
▶ Table 2 Gastroenterologists' beliefs and perceptions regarding surveillance colonoscopy (n = 49). Among the many new points in the guidelines, one of the most significant was the recommendation for the routine use of DBC as an adjunct to high definition colonoscopy. Overall, 84 % of the expert panel were in agreement with this recommendation, despite low-grade evidence. Interestingly, the panelists were unable to reach an agreement about random biopsies, with only 60 % of the panel members suggesting random biopsies were not necessary when high definition chromoendoscopy was performed [13] . In addition to the Canadian Association of Gastroenterology, the SCENIC Consensus statement has been endorsed by the American Gastroenterological Association, the American Society of Gastrointestinal Endoscopy, the Asian Pacific Association of Gastroenterology, the British Society of Gastroenterology, the European Society of Gastrointestinal Endoscopy, and the Japanese Gastroenterological Endoscopy Society.
Apart from one retrospective study that questioned the validity of the SCENIC recommendations [21] , it is increasingly accepted that DBC is the new paradigm in dysplasia detection in patients with IBD. Despite this, barriers to uptake of this technology and other IEE modalities have been reported in the literature. Our study adds to this growing body of literature, and is the first study to describe current practices and opinions of Canadian gastroenterologists toward dysplasia surveillance in patients with IBD. Despite the existence of multiple national guidelines on this topic, we found that there was only moderate adherence to guidelines suggesting adoption of DBC, and very little uptake of other IEE modalities by survey respondents. Despite institutional availability of over 60 %, less than 30 % of respondents ever used DBC for dysplasia surveillance in IBD patients. Prolonged procedure time, limited financial resources, and lack of training were reported as being significant barriers to the adoption of newer endoscopic screening modalities, and most gastroenterologists felt that increased funding should be devoted to these areas. Notably, a majority of gastroenterologists reported not being up-to-date with the latest guidelines regarding dysplasia surveillance in patients with IBD.
Several factors may contribute to suboptimal uptake of published guidelines with respect to dysplasia surveillance in IBD. The existence of varying national recommendations potentially contributes to confusion among gastroenterologists with regard to optimal surveillance strategies [4, 5, 12] . Physician training and experience, as well as practice location, may also influence the extent to which surveillance guidelines are adopted [22] . Additionally, a lack of robust evidence demonstrating benefit of currently recommended approaches to dysplasia surveillance in IBD patients may give rise to skepticism among many gastroenterologists [14, 15] . Despite this, it is noteworthy that a majority of respondents to our survey felt that taking random biopsies was an ineffective method of dysplasia surveillance in IBD patients.
In addition to concerns about cost, our study shows that the suboptimal adoption of DBC as a surveillance modality by Canadian gastroenterologists may relate to inadequate training and experience with this technique, and extended procedure time in inexperienced hands. Survey respondents highlighted training as a limitation to the adoption of DBC. Given the significant discrepancy between the growing evidence base supporting DBC for dysplasia surveillance and the limited use of this modality by Canadian gastroenterologists, it is important for health institutions to provide adequate resources and training opportunities to facilitate incorporation of this technique into gastroenterologists' practices. However, in the current fiscal environment, it is unclear whether it is feasible to implement DBC into routine academic or community practice, potentially leaving IBD patients without the recommended standard of care for surveillance. It is equally important that government funding agencies and hospital administrations coordinate their efforts to ensure equal access to both community and academic institutions such that patients receive uniform care. Centralization of dysplasia surveillance in centers with expertise in DBC may be a solution to this problem.
Furthermore, an appropriate interval between surveillance colonoscopies remains unclear. Our study demonstrated that most Canadian gastroenterologists perform surveillance colonoscopy every 2 to 3 years. This is consistent with most American guidelines [5, 6] . The European Crohn's and Colitis Organisation and the British Society of Gastroenterology recommend that colonoscopy surveillance intervals should be based upon the risk of developing CRC [4, 6] . These guidelines suggest that patients at low risk for CRC undergo colonoscopy every 5 years, those at intermediate risk undergo colonoscopy every 3 years, and those at highest risk undergo colonoscopy annually [23] . Recent modification to the nomenclature used for classifying dysplasia (from dysplasia-associated lesions or masses to endoscopically resectable and nonendoscopically resectable lesions), has resulted in changes to surveillance interval guidelines [24] . As these changes are implemented, further studies will be required to determine whether risk stratification is routinely adopted by Canadian gastroenterologists in assigning surveillance intervals to individual patients. One potential prospective study could assess outcomes following educational training of gastroenterologists in the latest surveillance modalities and guidelines.
In addition to DBC, narrow-band imaging (NBI) is the only IEE modality that has been studied in patients with IBD. Meta-analysis of four randomized trials showed an absolute difference of 6 % (95 %CI -1 % to 16 %) for DBC over NBI in the proportion of patients with dysplasia [25] . The SCENIC guidelines therefore recommend that NBI should not be used in place of DBC because meaningful benefit of NBI over DBC is unlikely. Despite this, many gastroenterologists prefer NBI owing to the "pushof-a-button" nature of this technique, which makes it less time-and labor-intensive, and potentially cheaper. These opinions were mirrored by our study respondents. Other novel IEE modalities, such as confocal laser endomicroscopy, require a certain level of expertise and training. Less than 10 % of respondents in our study reported proficiency in these techniques. Furthermore, these techniques have not been studied thoroughly in patients with IBD.
There are several limitations to our study. Despite an acceptable response rate, our study only includes gastroenterologists in academic practices. Consequently, this study reflects the practices of IBD specialists who work in academic settings and not in community settings. Follow-up studies should assess the practice of community gastroenterologists, and consider comparing differences between practitioners. We did not collect data pertaining to practice geography or access to endoscopy time, which limits the generalizability of our results. Future research may consider investigating provincial disparities between these variables.
In summary, we have shown in this survey study of academic Canadian gastroenterologists that dysplasia surveillance strategies in patients with IBD still rely heavily on white-light endoscopy with random colonic biopsies. Despite institutional availability of DBC of over 60 %, only a minority of respondents reported routinely using DBC as their primary dysplasia surveillance method in patients with IBD. The major barriers to uptake of DBC were cost, time commitment, and lack of training. Improved physician education and increased access to newer endoscopy resources may improve adherence to recommendations and reduce heterogeneity in physicians' practices, with overall improvement in the care provided to patients with IBD.
